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Each of the several chemical reactions described above is de-
pendent upon a specific enzyme. Only one of these need be
referred to, and it will be spoken of later.
The removal of phosphoric acid from ATP and its resyn-
thesis, as well as the breakdown of phosphocreatine, can be
carried out in the absence of oxygen. The breakdown of glu-
cose phosphate to lactic acid and the resynthesis of phospho-
creatine can only occur in the presence of oxygen. There are,
therefore, two phases in the contractile process, a nonoxidatwc,
anaerobic, or contraction phase and an oxidative, aerobic, or
recovery phase. This latter is necessary to restore energy-
producing substances and permit continued contraction of the
muscle.2
In so far as its energy relationships are concerned, the mus-
cle fiber has been compared to a submarine which, while sub-
merged, is driven by energy stored in electric batteries, oxygen
being not required; this period corresponds to the anaerobic
phase of the process in the muscle. The batteries are re-
charged when the submersible reaches the surface, oxygen be-
ing then necessary. This corresponds, to the aerobic or recov-
ery phase of the muscle.
Though it will be clear from the foregoing account that the
reactions leading to lactic acid formation are required for the
continued activity of muscle, contractions, nevertheless, can
proceed for a time after the production of lactic acid has been
entirely suppressed; the reaction is therefore not essential for
the actual contraction. The production of lactic acid from the
breakdown of carbohydrate in the isolated muscle can be pre-
vented by treating it with a drug called sodium iodoacetate,
yet the muscle so treated responds to stimulation for some time,
or until the phosphocreatine store of the muscle is exhausted.
But phosphocreatine cannot be reformed, since the energy for
,2 A muscle deprived of oxygen (i.e., in an atmosphere of nitrogen) is, there-
fore, capable of responding to stimulation for a considerable time. Lactic acid, how-
ever, is not removed by oxidation and resynthesis to glycogen, but, accumulating,
reduces the irritability of the muscle. The concentration of lactic acid at which the
muscle fails to respond is around 0.5 per cent. This is called the lactic acid maxi-
mum. When oxygen is supplied to a muscle fatigued by repeated stimulation in
nitrogen, the lactic acid is removed and the irritability of the muscle restored.